Major depressive disorder is a risk factor for the development of incident coronary heart disease events in healthy patients and for adverse cardiovascular outcomes in patients with established heart disease. Depression is present in 1 of 5 outpatients with coronary heart disease and in 1 of 3 outpatients with congestive heart failure, yet the majority of cases are not recognized or appropriately treated. It is not known whether treating depression improves cardiovascular outcomes, but antidepressant treatment with selective serotonin reuptake inhibitors is generally safe, alleviates depression, and improves quality of life. This article evaluates the importance of major depression in patients with cardiovascular disease, and provides practical guidance for identifying and treating this disorder.
Coronary angiography revealed a new 95% critical proximal right coronary artery lesion in the dominant vessel as well as 80% lesions in the first posterior lateral branch and posterior descending artery.
The patient received a taxol-eluting stent in the proximal right coronary artery and percutaneous transluminal coronary angioplasty of the first posterior lateral branch and posterior descending artery. His discharge medications were clopidogrel 75 mg/d, metoprolol 100 mg twice daily, lisinopril 40 mg daily, lovastatin 80 mg/d, aspirin 325 mg/d, metformin 850 mg 3 times daily, rosiglitazone 8 mg/d, and glipizide 10 mg twice daily. When he presented 2 months later for routine care, the patient stated that, although his angina had resolved, he had no energy and was sleeping all the time. Upon further questioning, he reported several weeks of depressed mood, lack of interest in his usual activities, and poor concentration. He also acknowledged that he had experienced this same constellation of symptoms on and off for weeks at a time ever since his CABG surgery 5 years earlier. He denied suicidal thoughts. A diagnosis of recurrent major depressive disorder was made.
Did Depression Increase This Patient's Risk for a Recurrent Cardiac Event?
Major depressive disorder and cardiovascular disease are the 2 leading causes of worldwide disability 1 and among the top 5 chronic disorders encountered in the care of older patients. 2 Numerous-though not all-studies suggest that major depressive disorder, and even subthreshold depressive symptoms that do not meet the criteria for a diagnosis of major depressive disorder (henceforth referred to as depression), 3 are risk factors for the development of CHD events in healthy patients, 4 for recurrent events in patients with established CHD, [5] [6] [7] [8] and for adverse cardiovascular outcomes after CABG surgery. 9 Depression may itself be caused by greater severity of clinical CHD, but the increased risk of adverse cardiovascular events associated with depression appears to be independent of age, diabetes, smoking, lipid levels, obesity, physical activity, and baseline severity of heart disease. The recent INTERHEART study sought to identify modifiable risk factors for acute MI in more than 25 000 patients from 52 countries. 10 As expected, the traditional risk factors of dyslipidemia, diabetes, smoking, hypertension, and obesity were all predicitive of acute MI and protective effects were observed for exercise, regular alcohol use, and intake of fruit and vegetables. However, in a multivariable model, psychosocial factors were stronger risk factors for incident MI than diabetes, smoking, hypertension, and obesity. 10 Depression has also been associated with the development of congestive heart failure (CHF) 11, 12 and with adverse outcomes in patients with CHF. [13] [14] [15] In a study examining incidence of CHF among 4500 patients who were enrolled in the Systolic Hypertension in the Elderly Program, the cumulative incidence of CHF in the depressed patients was 16%, whereas the incidence was only 7% in the nondepressed group. 11 This resulted in an overall relative risk of 2.6 after adjustment for traditional cardiovascular risk factors. In patients with established CHF, depression further predicts mortality and rehospitalization, independent of baseline ventricular function and severity of cardiovascular disease. 13 
How Might Depression Lead to Cardiac Events?
Several biological and behavioral factors have been identified as candidate mechanisms by which depression may lead to cardiac events (BOX). [31] [32] [33] All of these potential mediators have been linked with both depression and cardiac events. However, no study has determined which -or what combination-of these possible mechanisms explains the association of depression with adverse cardiovascular outcomes. In the case presented, the patient was nonadherent to the cardiovascular medications that he was prescribed following CABG surgery. Because depression is associated with medication nonadherence and because preventive medications decrease morbidity and mortality in patients with cardiovascular disease, [34] [35] [36] it is possible that depression and its associated medication nonadherence contributed to this patient's MI. Medication nonadherence may also be a marker of other unhealthy behaviors that increase risk of cardiac events in depressed patients. 26, 30 
Can Treating Depression Prevent Cardiac Events?
Treatment for depression is necessary because it alleviates depressive symptoms 37 and improves quality of life. 38 Whether antidepressant therapy improves cardiovascular outcomes is not known. This question is important because all prior evidence supporting an effect of depression on risk of cardiovascular events comes from observational studies. Although the association of depression with adverse cardiovascular outcomes is strong, dose-dependent, biologically plausible, temporal, and independent of traditional cardiovascular risk factors, 4, [6] [7] [8] [9] it is impossible to completely exclude residual confounding in observational studies. 39 Thus, a randomized trial demonstrating that treatment for depression improves cardiovascular outcomes would be necessary to prove a causal association.
Does Pharmacotherapy for Depression Prevent Cardiac Events?
The Sertraline Antidepressant Heart Attack Randomized Trial (SADHART) is to date the largest randomized trial evaluating use of an antidepressant medication for depressed patients with heart disease. 40 A total of 369 participants who had depression after hospitalization for acute coronary syndrome were randomly assigned to the selective serotonin reuptake inhibitor (SSRI) antidepressant medication sertraline vs placebo. Of these, 260 completed the 16-week trial. Investigators found no difference in safety (change in left ventricular ejection fraction, increase in premature ventricular contractions, or prolongation of the QT interval) between the treatment and placebo groups. Although SADHART was designed as a safety trial and was not powered to evaluate cardiovascular events, investigators found a non-significant reduction in the composite end point (MI or CHD death) in the sertraline group (relative risk, 0.77; 95% confidence interval, 0.51-1.16). These results were intriguing because evidence suggests that SSRIs may be directly cardioprotective by reducing platelet activation. 41 However, a larger trial is needed to evaluate the potential benefits of SSRI medication on cardiovascular outcomes in patients with CHD.
Box

Mechanisms by Which Depression May Lead to Cardiac Events
Potential biological mechanisms
Alterations in cardiac autonomic tone 16 Common genetic vulnerability 17 Enhanced activity of the hypothalamic pituitary-axis 18 Greater platelet activation 19 Increased catecholamine levels 20 Increased whole blood serotonin 21 Inflammatory processes 22 Lower omega-3 fatty acid levels 23 Mental-stress induced ischemia 24 Toxicity of tricyclic antidepressants 25 Potential behavioral mechanisms Dietary factors 26 Lack of exercise 27 Medication nonadherence 28 Poor social support 29 
Unhealthy lifestyle 30
Does Psychotherapy for Depression Prevent Cardiac Events?
The Enhancing Recovery in Coronary Heart Disease (ENRICHD) trial was a randomized trial of cognitive behavioral therapy vs usual care following MI. 42 The study enrolled 2481 patients who had been hospitalized for MI within the past 30 days. Of these, 958 had major depression (≥5 depressive symptoms for at least 2 weeks), 811 had minor depression (2-4 depressive symptoms for at least 2 weeks), 66 had dysthymia (3 or 4 dysthymic symptoms for at least 2 years), and 647 had low social support but no depression. Overall, the study found no difference in event-free survival between the intervention and control groups, although the cognitive behavioral therapy improved depression and social support.
Based on results of the ENRICHD study, one might reasonably conclude that psychotherapy does not improve cardiovascular outcomes. However, the usual care group had an unusually high recovery rate, suggesting that some patients may have had transient depressive symptoms related to the recent stress of an MI. Treating depression immediately after an MI event (when symptoms are more likely situational) may be less effective than targeting the subset of patients who have persistent depression 2 or 3 months later. Perhaps antidepressant therapy is more likely to decrease risk of future cardiovascular events in the subgroup of patients whose depressive symptoms have persisted for 2 or 3 months after MI than in all patients who are depressed immediately after MI. Moreover, intervention and control groups had equal access to pharmacotherapy, possibly diminishing the relative benefits of the psychosocial intervention. Indeed, a post hoc analysis of participants in the ENRICHD trial found that use of SSRIs was associated with 40% reductions in both recurrent MI and death, after adjustment for age, Killip class, ejection fraction, creati-nine levels, diabetes mellitus, CHF, previous MI, stroke, and baseline depressive symptoms. 43 In summarizing the available evidence, recent Cochrane reviews have concluded there is not sufficient evidence that psychotherapy for depression improves outcomes in patients with CHD, 44 and no study has examined whether treatment for depression improves outcomes in patients with CHF. 45 Thus, although both psychological and pharmacological interventions reduce anxiety and depression, 40, 44 it remains unknown whether therapy for depression improves cardiovascular outcomes. A large randomized trial testing the effect of antidepressant medication on incidence or recurrence of cardiac events would help to answer this question. However, because patients with depression cannot be assigned to placebo, ethical considerations make designing such a trial challenging.
What Is the Best Way to Diagnose Depression in a Patient With Heart Disease?
Depression is present in approximately 5% of the general population, 46 10% of medical outpatients, 47 20% of outpatients with CHD, 48 30% to 40% of outpatients with heart failure, 49, 50 and up to 50% of patients recently hospitalized for CABG surgery or acute coronary syndrome. 51 A simple 2-item instrument, which takes less than a minute to complete, is an effective screening tool for identifying depression in patients with heart disease (FIGURE 1). A "yes" response to one or both questions (a positive screen) is 90% sensitive and 69% specific for depression in patients with heart disease. 52 A "no" response to both questions effectively rules out depression, and no further screening is necessary. 52, 53 However, the low specificity and low positive predictive value of the 2-item instrument means that less than half of patients who screen positive will ultimately meet criteria for depression. Thus, any positive screen must be followed by a clinician interview for depression (Figure 1) . 54, 55 In a busy cardiology practice, where it may be less feasible to administer the 2-item screen followed by a clinical interview for those who screen positive for depression, an alternative approach is to administer the 9-item Patient Health Questionnaire (PHQ-9; FIGURE 2). 53, 56, 57 The PHQ-9 is a self-report questionnaire that patients can fill out in the waiting room along with their registration paperwork or insurance forms. It takes less than 2 minutes to complete. An office assistant can add up the scores and alert the clinician if a patient scores 10 or higher. Although a cutpoint of 10 or higher on the PHQ-9 misses about half of depression cases in patients with CHD, its 90% specificity and high positive predictive value make it virtually diagnostic for depression. 3, 53, 56 Thus, patients who screen positive for depression need not undergo a follow-up clinical interview to confirm the diagnosis. To minimize false-negatives, I prefer to use the 2-item instrument and confirm any positive screening result with a clinical interview for depression. However, administering the PHQ-9 allows for easy detection of more than half of depression cases without the need for further confirmation.
What About the Effects of Substance Abuse and Other Medications?
Concurrent substance abuse (such as alcohol abuse in the case presented) is not a contraindication to antidepressant therapy. Indeed, use of antidepressant medication can reduce risk of relapse in smokers 58 and in those with alcohol dependence. 59 Some medications, such as corticosteroids, opioids, and benzodiazepines, can cause depression. However, contrary to conventional wisdom, β-blocker therapy does not cause depression. 60 
How Should Depression Be Treated in Patients With Heart Disease?
For initial treatment of depression, the choice of structured psychotherapy, medication therapy, or both depends on available resources and patient preferences. When discussing potential treatment options, it is helpful to emphasize the biological etiology of depression because many patients view a diagnosis of depression as a character weakness or personality flaw. In layperson's language, I often describe depression as an imbalance of brain chemicals that can be restored to normal with antidepressant therapy, just like diabetes results from an imbalance of glucose concentration that can be restored to normal with insulin. This helps patients recognize that depression is a biological condition for which effective treatments are available. I further explain treatment options by saying that taking antidepressant medication is like taking hypoglycemic medication for diabetes and that engaging in psychotherapy is like learning healthy diet and exercise habits for diabetes. I also tell patients that depression is very common (at least 1 in 5 patients with heart disease), that it is associated with adverse cardiac outcomes, and that treatment can make a big difference in their lives.
Structured Psychotherapy
In the hands of an experienced therapist, cognitive behavioral therapy (CBT) is a safe and effective treatment for depression in patients with heart disease. 42 Typically provided in 16 weekly sessions, CBT focuses on identifying and modifying cognitive (eg, self-critical thoughts) and behavioral habits that may contribute to depression. The goal of CBT is to help patients develop new ways of thinking and behaving that minimize symptoms of depression. Interpersonal therapy (IPT) and problem-solving therapy, are also effective treatments for depression, 61 but they have not been evaluated specifically for patients with heart disease. Interpersonal therapy addresses social and interpersonal stressors that may contribute to depression. Problem solving therapy helps patients identify and solve specific problems that may be contributing to their depression.
Evaluation of these therapies specifically in patients with heart disease is important because, although seemingly benign, psychotherapy is not necessarily risk free. The Montreal Heart Attack Readjustment Trial (M-HART) 62 randomly assigned 1376 patients who had had an MI event to monthly telephone monitoring with or without additional evaluation and support for psychological distress. After the first year, the program had no overall effect on either survival or psychological outcomes, but investigators found higher cardiac and all-cause mortality among women who received the intervention. These findings raised concern that this particular psychosocial intervention may have increased rather than decreased distress by reminding participants of their disease state and diminishing their perceived health status.
An ongoing randomized controlled trial, CREATE (Interpersonal Therapy and Citalopram for Depression in Coronary Disease), is comparing the safety and efficacy of IPT, the SSRI antidepressant citalopram, or both vs standardized clinical management for treatment of depression in 280 patients with CHD. 63 However, pending results of this trial, CBT is the only psychotherapy known to be safe and effective for treating depression in patients with heart disease. In patients with moderate to severe depression, treatment with the combination of antidepressant medication and CBT can enhance the likelihood of response over either alone, 64 and the benefits of CBT may endure even beyond the end of treatment. 65 
Pharmacotherapy
Selective serotonin reuptake inhibitors are safe and effective medications for depression in patients with heart disease. 66 No evidence suggests that one SSRI is more effective than another. 67 However, citalopram and sertraline are the least likely to inhibit cytochrome p450 enzymes, thus minimizing exposure to pharmacokinetic interactions in cardiac patients taking multiple drugs. 68 One simple approach is for the clinician to become familiar with 1 of these 2 SSRIs and to use it as first-line treatment for all patients with newly diagnosed depression. For sertraline, the initial dose is 50 mg/d, the usual effective dose is 100 to 150 mg/d, and the maximum dose is 200 mg/d. For citalopram, the initial dose is 20 mg/d, the usual effective dose is 20 to 40 mg/d, and the maximum dose is 60 mg/d. Elderly patients or those with hepatic or renal disease should start with half of the recommended initial dose. More than 50% of patients will respond to initial treatment, and 80% will eventually respond to at least 1 antidepressant medication. 69 There is no evidence that nonresponse to one SSRI predicts nonresponse to another SSRI, so if a patient has not responded to citalopram, for example, citalopram can be tapered off while sertraline is initiated.
The most commonly reported adverse effects of the SSRIs are insomnia or somnolence, nausea or diarrhea, and sexual dysfunction (decreased libido, erectile dysfunction, delayed ejaculation, or anorgasmia). Most adverse effects diminish over the first month of treatment, so it is important to encourage patients not to discontinue the medication immediately. However, sexual dysfunction occurs in up to 60% of patients treated with SSRIs and is the least likely adverse effect to resolve over time. 70 Some patients with SSRI-induced sexual dysfunction derive benefit from sildenafil 71 or feel that the improvement in depression outweighs any decline in sexual function. However, other patients may find that SSRI-induced sexual dysfunction is not tolerable.
For patients who cannot tolerate SSRI-induced sexual dysfunction or for patients who are planning to stop smoking, 58, 72 bupropion is an effective alternative. 73 For bupropion, the initial dose is 100 mg twice a day, the usual effective dose is 100 mg 3 times a day, and the maximum dose is 150 mg 3 times a day. For sustained-release bupropion, the initial dose is 150 mg/d, the usual effective dose is 150 mg 2 times a day, and the maximum dose is 200 mg 2 times a day. Selective serotonin reuptake inhibitors and bupropion can be administered simultaneously. If being discontinued, however, SSRIs should be tapered over a 2-week period to avoid SSRI discontinuation syndrome, including dizziness, vertigo, headache, nausea, and insomnia. 74 Of note, bupropion has been associated with minor increases in blood pressure, 73 so blood pressure monitoring is recommended.
Regarding other antidepressant medications, mirtazapine is generally safe for patients with heart disease but is not a first-line therapy because it is associated with weight gain 75 and because it can induce hypertensive urgency when administered with clonidine. 76 Tricyclics should not be used as first-line therapy because of their association with adverse cardiovascular events. 77 Likewise, hypericum perforatum (St John's wort) is not recommended due to its potential interactions with cardioactive medications. 78 One open-label study found that nefazodone was safe, tolerable, and effective for the treatment of depression in 19 patients with CHF. 79 However, no randomized trial has formally evaluated the safety or efficacy of antidepressant medication in patients with CHF.
When Should Depressed Cardiac Patients Be Referred to a Psychiatrist?
Before initiating antidepressant therapy for patients with heart disease, it is important to inquire about any history of manic symptoms (unusually elevated mood, increased energy, excitability, or irritability) because initiating antidepressant medication in a patient with unrecognized bipolar disorder may trigger a manic episode. Depressed patients with a history of mania or psychosis (delusions or hallucinations) should be referred to a psychiatrist for further evaluation and treatment. It is also important to ask about suicidal thoughts (eg, "Do you ever think of hurting yourself or taking your own life?"). If the answer is yes, this should be followed by, "Do you currently have a plan?" and, if yes again, "What is your plan?" 80 If there is concern that patients may harm themselves before seeking help, emergent psychiatric evaluation must be obtained.
How Should Cardiac Patients Be Followed Up After Initiating Treatment for Depression?
Close monitoring during the first 3 months of therapy is critical to the effectiveness of depression treatment. When starting psychotherapy or antidepressant medication, it is important to educate cardiac patients that they are not going to feel better overnight. Antidepressant medications typically take 2 to 4 weeks before symptoms begin to improve. About 40% of patients will have recovered by 6 weeks, 60% will have recovered by 12 weeks, and 80% will have recovered 6 months into therapy. 81 Similarly, the clinical benefits of CBT may not be evident for 6 to 8 weeks, and recovery may take as long as 16 weeks. 82 Organized follow-up programs that include patient education, telephone or in-person contact every 2 to 4 weeks, monitoring of medication adherence, and psychiatric consultation as necessary improve outcomes for depressed cardiac patients. [83] [84] [85] [86] "Measurement-based care," which uses frequent ratings of symptoms and adverse effects to guide dose adjustments and changes in treatment, can also be of benefit. 87 If antidepressant medication does not improve symptoms by 4 weeks and adverse effects are tolerable, the initial medication dose should be doubled. If symptoms have not improved by 8 weeks and adverse effects still remain tolerable, the dose should again be increased to the maximum allowable dose. If no improvement has occurred by 12 weeks, the patient should be switched to a different medication or referred to a psychiatrist. Similarly, if CBT has not resulted in symptom improvement by 6 to 8 weeks, or full remission by 16 weeks, the addition of medication should be considered. Once a patient has responded to pharmaco-therapy, it must be continued for at least 6 months to prevent relapse.
For many patients, major depressive disorder is a chronic condition with a lifetime of relapses and recurrences. A recent randomized trial 88 evaluated the efficacy of maintenance treatment with IPT vs the SSRI paroxetine in 116 depressed patients 70 years or older who had responded to 24 weeks of initial treatment with both paroxetine and IPT. Although not specifically a population with heart disease, these study participants were elderly, and many had concurrent medical illnesses. During 2 years of follow-up, participants who received continuation therapy with paroxetine were less likely to develop recurrent depression than those who received placebo. However, continuation therapy with IPT was no more effective for preventing recurrence than clinical management, and the combination of IPT and paroxetine was no more effective than paroxetine alone. These results suggest that for older patients and for those with one or more prior episodes of depression, pharmacotherapy should be continued for at least 2 years and possibly indefinitely.
SUMMARY
Depression is present in 1 of 5 outpatients with CHD and in 1 of 3 out-patients with CHF. Evidence from observational studies suggests that depression independently predicts incident CHD events, CHF, and adverse outcomes among patients with established cardiovascular disease. Although no randomized trial has demonstrated that treatment for depression improves cardiovascular outcomes, observational data suggest that use of antidepressant medication is associated with a decreased risk of future events. In the case presented, the patient started an SSRI, experienced gradual resolution of his depressive symptoms over 1 to 2 months, and was free of depression 3 months after starting antidepressant therapy. He has continued taking the SSRI and remained free of both depression and cardiac events for the 2 years since his percutaneous revascularization. Whether treatment for depression 5 years earlier would have delayed or prevented his MI is not known. What we do know is that identifying depression in patients with heart disease is not difficult and that treatment alleviates depression and improves quality of life.
QUESTIONS AND COMMENT
A PHYSICIAN Does any evidence show that patients who are taking SSRIs adhere to their cardiac medications more readily than other patients? DR WHOOLEY No trial has evaluated the effect of SSRIs on medication adherence. And that is definitely the next step, to find out whether antidepressant therapy improves medication adherence-and cardiovascular outcomes-for patients with heart disease. Of course, it will be important to combine any trial of treatment for depression with organized followup programs that include patient education and close monitoring of adherence to antidepressant therapy.
A PHYSICIAN What is the role of cardiac rehabilitation in terms of management of depression? DR WHOOLEY Cardiac rehabilitation has several important components, including training patients to exercise, to eat healthy foods, to adhere to preventive medications, and to reduce psychological distress. Cardiac rehabilitation is known to improve cardiovascular outcomes, and its psychological components may be partly responsible for these benefits.
A PHYSICIAN So many depressed patients smoke. Why not just go to bupropion right away with those, and why not do that instead of SSRIs? DR WHOOLEY Given its potential benefits for smoking cessation, bupropion is an excellent first choice for cardiac patients who smoke. The only reason I didn't recommend it as a first-choice antidepressant medication for all cardiac patients is that it can be associated with minor increases in blood pressure. Also, many clinicians find longer lists of antidepressant medications-with their specific indications and adverse effects-so complicated that they end up not treating depression at all. My goal was to provide a practical approach that clinicians can easily incorporate in practice. 
